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Introduction

- Nanomaterials are being manufactured and utilized
at increasing rates

>mcC

- Little is known about their fate and transport in the
subsurface

« Consequently it is difficult to evaluate exposure
risks, conduct life cycle analysis, and develop waste
management strategies

« The overall goal of this research is to investigate the
mechanisms governing the transport and deposition
of nanomaterial aggregates in saturated porous
media and to identify factors causing the deviation
of the transport behavior from traditional filtration

theory predictions



Experimental Work

Zeta Potential and Particle Size Distributions
SEM and TEM images

Column Tests
Different Porous Media (Sand) Characteristics

Experimental Elow Rates
GeochemicakCharacteristics

Nanoparticles (from Nanostructured &
Amorphous Materials Inc.):

Elemental Copper
~~ Zinc Oxide
/ Titanium Digxide o=
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Environmenta Protactor Zeta Potential and pH: Cu® Nanoparticles
7 10 mg/L Cu® nanoparticles in deionized water
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A: Individual Cu® nanoparticles (10to 50 nm, nominal size 25 nm from vendor)
B: Small Cu® nanoparticle aggregates

C: Large Cu® nanoparticle aggregates
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Summary

® Bare Cu® nanoparticles were not transported through the porous
media used in this study

® Presence of NOM and an organic buffer dramatically improved
Cu® transport and was attributed to electrostatic and electrosteric
stabilization of the nanoparticles

® However, the attachment efficiency factor (a) values calculated
from retention profile and effluent BTCs disagree. This
discrepancy would indicate that the transport of Cu® nanoparticles
doesn’t follow traditional CFT as it does not include these
additional mechanisms such as surface roughness, surface
charge, and population heterogeneity

e Journal Publication

Jones, E.H. and Su, C. (2011) Fate and transport of elemental
copper (Cu®) nanoparticles through saturated porous media in
the presence of organic materials. Water Research, 46: 2445-
2456.
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Zeta Potential and pH: ZnO Nanoparticles

Zeta Potential (mV)

A: ZnO in DI water 100 — 200 nm
B: ZnO 0.4 mM formic acid 30 nm

(nominal size 20 nm from vendor)
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PZC in Dl water = 9.2, charge reversal at pH 7.0
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Summary

eBare ZnO nanoparticles exhibited negligible mobility through
porous media

® Presence of natural organic matter dramatically improved ZnO
transport and was attributed to electrostatic and electrosteric
stabilization of the nanoparticles by organic matter

® However, the attachment efficiency factor (a) values calculated
from retention profile and effluent BTCs disagree. This
discrepancy would indicate that the transport of ZnO nanoparticles
doesn’t follow traditional CFT as it does not include these
additional mechanisms such as surface roughness, surface
charge, and population heterogeneity

e Journal Publication

Jones, E.H. and Su, C. (2012) Transport and retention of zinc
oxide nanoparticles in porous media in the presence of natural
organic ligands (In preparation)
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Characterization of five types of TiO, NPs
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Electrophoretic Mobility (EPM) of TiO, NPs
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Sedimentation of TiO, NPs
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Aggregation Kinetics Experiment
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- Both reaction controlled regime and diffusion controlled regime for all TiO, NPs.

« The CCC of NaCl for 5 nm anatase, 10x40 nm rutile and 50 nm anatase were 5
mM, 10 mM and 18 mM

« In concurrence with the sediment test conducted.

1000
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Prediction by DLVO Model
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Effect of Composition on EPM

Hot Plate Digestion
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- The PZC can be correlated quantitatively with the amounts of extractable impurities
(i.e. Si, P) in the pristine TiO, nanomaterials.

— PZC decreased with the increase in extractable silicon and phosphorus contents in
a linear or power trend.

Liu, X; Chen, G; Su, C. 2011. Effects of material properties on sedimentation and aggregation of titanium
dioxide nanopatrticles of anatase and rutile in the aqueous phase. J. Colloid Interface Sci. 363, 89-93.
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l » Porosity (€) : 0.368 » Silica sands
» Column length (L) : 15.0 cm » Grain size : 250 - 300 ym
» L : 286.0 nm (UV-Spectrophotometer) » Flow rate: 1.5 mL/min

» Suwannee River humic acid
UV - Spectrophotometer



<EPA

12
DI water
r 0.75mM
0.80 mM
1.00mM
08

Normalized Concentration (C/Cq)

Depth (cm)

12

United States
Environmental Protection
Agency

Representative Breakthrough

3mM
10mMm
20 mM

100 mM

3mM
10mM

60 mM
100 mM
200 mM

0.8

Curves and Retention Profi les

3mM
10mM

60 mM
100 mM

Pore Volume
0
oS b O o d
A A > <o
A A K <
AA A > O <
AN A L O 0
A A A o OO
b N O 10mm
A A oo 0 O 20mm
—SAA A A 075mM 2 O O
A 080mM < 100mMm
A A A 100mM K <O O
/_\lﬁ‘\ L 1 | 1 | 1 | 1 1 | 1 | 1 [N | 1
0 20 40 60 80 100 O 10 20 30 40

Retained NP (mg TiO2/g sand)

pH 6.0 no HA

Retained NP (mg TiO2/g sand)

pH 5.7 and 1 mg/L HA

o0 o o f
O O @)

oo 0 O

KOO O

SL0) O

co O

©o O O 10mm

PO O O 10mm
@ O O 20mMm
cOT® 1|0 I zlo I

Retained NP (mg TiO2/g sand)

pH 5.7 and 3 mg/L HA

121

10O O h
0O o
) o
k) O
) O
) 0O
O
>0 O 60mMm
© O 10mM
SO—L | 1 | 1 |
0 10 20 30

Retained NP (mg TiO2/g sand)

pH 9.0 and 3 mg/L HA



“EPA Apparent Deposition Rate Coefficient

Environmental Protection
Agency

= 1102 O lpem X102 A 0ppm

= O 3ppm @ E O 1ppm

I= O  3ppm

D

S o

g Ix10°E @ 1x10° i

8 - @ - Z=

§ - - A

c Ix10*F > ? ® 1x10* z @

o o =

= - @ . %

5 N -

Q_ - (, =

Q

O 110°E % a x10° @ 2 b
- 1 1 [ | II 1 |||||| 1 - 1 1 IIIIIII 1 IIIIII 1
1 10 100 1 10 100

lonic Strength (mM) lonic Strength (mM)
pH 5.7 pH 9.0



SEPA  7Zeta Potential Measurements

Environmental Protection

Agency
A nTiO, Oppm
Or A sndo ppm _
<& nTiO, 1ppm A nTiO, 0ppm
A sand Oppm
© e nTio, 1 ppm
O  nTiO, 3ppm & 20— g 'd zI PP
< O  sand_3ppm 5 sand_1 ppm
E 20 O nTiO, 10 ppm O nTI;Dz;g ppm é
~ O sand 10 ppm 8 O sand_3ppm %
© 0 nTiO, 10 ppm 3P
b= & = g O  sand 10 ppm
Q
= T & % 40} é
o Si2
Bo © 8 %8 & @ & 2
©
w b
N B
-60 a -60 - é é
II 1 L1 1111 1 1 IIIIIII 1
1 100 1 100
lonic Strength (mM) lonic Strength (mM)



"’A Adsorption of HA on nTiO,

o 0.6 8 1 ppm
3 ppm

L pp
>
£
c 04f =
-
o
= @
: &
©
L 02f - T
o
2 2 &%
< 3

0 ] llllllll ] llllllll

1 10 100
lonic Strength (mM)

pH 5.7



“EPA  Modified DLVO Interaction Calculations

Environmental Protection

Agency
— "7 — 80
— 10 mM
: Modified DLVO 100 mM
\X/ 200 mM
3 2 \4 b5
E Secondary Energy Minimum
c
L
c
1 I Steric
s Modified DLVO o
@)
I= _
100 — a b
T I T I T I T I T T I T I T I T I T
0 4 8 12 16 20 0 4 8 12 16 20
Separ ation Distance (nm) Separation Distance (nm)
100 mM, 10 ppm HA and pH 5.7 3 ppm HA and pH 5.7



SEPA Experimental Evidence of

United States

Eg\éir:cégmental Protection Seco n d a ry E n e rgy Mi ni m u m

5

— > 1ppm 20mM_pH 5.7

8 - [ 3ppm_100 mM_pH 5.7 >

~~

O af

-

o r

©

= 3

C

S L

c

8 >
2

- L]

0]

N i

T B

E ---m\ll\l\llI\I\I\HII\I\I\I\I\I\I\I\I\Iu

o Il’-;;:::; ...... [I,}

Z = E ,;:22222:;, ,.
Ol —

Pore Volume

Chen, G; Liu, X; Su, C. 2011. Transport and retention of TiOz2 rutile nanoparticles in saturated porous
media under low-ionic-strength conditions: Measurements and Mechanisms. Langmuir 27, 5393-5402.
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Ry e Summary

Natural organic matter greatly enhanced nTiO, mobility at pH 5.7 through
> increasing the negative surface charge of nTiO, at low HA adsorption densities

» increasing electrostatic and steric interactions at high HA adsorption densities
No significant impact of NOM on nTiO, mobility at pH 9.0 was observed

The secondary energy minimum played an important role to retain nTiO,
in porous media at the conditions studied

NOM and solution pH are likely key factors that govern the stability and
mobility of nTiO, in the natural aquatic environment

Previously reported mobility of nTiO, at acidic background solution
conditions which often overlooked the impact of NOM thus may lead to an
underestimation of the potential transportability of nTiO, in real aquatic
environments
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